The UK instrument industry and the LINK scheme are both successful and some of the factors behind this success are identified in a paper which overviews the LINK Sensors and Sensor Systems for Industrial Applications and is published in full.
Introduction
This recent one-day seminar by DTI, of which the Institute of Measurement and Control was one of the co-sponsors, attracted more than 200 delegates to the Victoria Street Conference Centre. The papers and posters were centred on collaborative sensor projects emanating from LINK programmes. They provided evidence of companies meeting the challenges arising from an increasing pace of technological change and decreasing product time scales, through the utilisation of research beyond their core range of in-house competencies -and the sharing of key resources.
LINK is the Government's principal mechanism for supporting research partnership between UK industry and the science and engineering base and has played an important part in the Government's response to Technology Foresight. Even since the successful Industrial Measurement Systems LINK programme for sensors in the 1980's, bureaucracy has been reduced to speed up the processing of applications and streamlined procedures and target times have been introduced. LINK projects involve pre-competitive research and do not normally lead to immediate financial rewards. It typically takes 2 to 5 years following project completion to lead to successful new products or processes. With the first projects from the LINK Sensors and Sensor Systems for Industrial Applications (S3IA) coming to fruition, another exciting period ofcommercial exploitation can be anticipated.
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Building on Success
The LINK Sensors and Sensor Systems for Industrial Applications Programme (S3IA) was a direct result of Foresight Panel reports, in which the need for reliable and robust sensor technology was identified as a key enabler by 8 ofthe 15 panels. S3IA's central aim was to encourage not only the development but also effective application of sensor technology throughout industry, in other words, to boost the users of sensors as well as the researchers and manufacturers. Therefore, every project included an enduser in a prominent role. The job of the Co-ordinator was to promote the scheme, encourage the development of consortia and assist them in generating successful proposals for projects.
The reason for emphasising application is that this is where the true benefits of sensors are to be found. Sensors are essential tools of all industries and without them automation would not exist, the quality of products would suffer and production rates would be significantly lower. Putting a value on these benefits is difficult but the added value provided by measurement has been estimated at 6% ofUK manufacturing industry output.
Even so, it is important to know, especially where public funding is involved, whether an industry is a likely winner in the world race and worth developing and sponsoring, and here the economist's concept of Comparative Advantage can be useful. In other words it helps address the question "Is the UK well suited to specialise internationally in the production of sensors, compared with its ability to succeed with other products?" The answer that emerges is that the contribution of the UK instrument industry, including sensors, is proportionally greater to the national economy than is found in any other nation; the UK is first, followed by Japan, Germany and the USA.
Sensors may well be important to the UK economy and suited to present UK conditions but for a product as sophisticated as a sensor, the maintenance of a Comparative Advantage also demands the continuing availability ofa specialised and well-educated workforce, innovative ideas, scientific talent and production expertise. Fortunately, it is found that our industry thrives on innovation; one study has estimated that sensors and instruments account for around 12% of all the UK's significant innovations. Also, innovation per employee in small firms exceeds the average and the UK sensor industry has a very high proportion of SME's. In terms of scientific talent the UK has a remarkably strong, world class base in sensor research, spread across some 500 academics in 60 institutions. The industrial worth ofthis effort is exemplified by the fact that the proportion of industry contributions to academic funding has been greater in this area than in any other in EPSRC's portfolio (Fig 1) .
Evidence from previous DTI-EPSRC sponsored schemes indicates that the UK sensor community has the ability to stay on the leading edge of technological progress and early results from S3IA tend to re-enforce this view.
Maximising Response
The S3IA Programme was launched mid-1996 and closed at the end oflast year, after 4 calls for project proposals.
Sensor innovation and technology -Kent _ It was funded to the level of £16 million, £4 million each from the sponsoring departments DTI and EPSRC and £8 million from industry. Over 240 consortia comprising end users, manufacturers and researchers submitted 3 page Outline proposals for assessment by an independent panel of experts made up equally of industrialists and academics. As a result, 85 consortia were invited to submit Full proposals, 63 did so and 30 were funded.
In terms of quality, the successful consortia included 18 different university research teams and 81 industrial enterprises and each one involved an 5MB and an end user company. During the course of the Programme the co-ordinator visited each consortium that had been invited to submit a Full proposal and processed around 600 queries.
The scope of funded projects was broad: costs per project ranged from £700 000 maximum to £172 000 minimum. Project duration was fairly evenly spread between 2, 2.5 and 3 years. Whilst analysis of the technologies involved reveals "optical" as the clear leader, it is found that the driver technology, that is, the subset (e.g. Raman, fluorescence), never occurs more than once. Similarly, analysis by application identifies "quality control" as dominant but the industry in willch it is applied (e.g. paper making, automotive), never occurs twice.
Getting the Balance
From observations by the Co-ordinator, projects that win funding acilleve the right structural balance: the principle is viable, neither a dream nor effete; competing global research in the area is assessed, not ignored but never ubiquitous; exploitation plans are realistic, neither a wish list nor inflexible. Successful projects are well controlled and frequently managed by an end user whose future is closely allied to the success of the sensor in operation.
Although it is too early to judge commercial exploitation by S3IA projects, analysis of previous sensor programmes suggests that success is more likely to occur when the exploiting partner in the consortium is able to maintain an unswerving company strategic policy, from beginning to end.
The Seminar -Summarised by Session
The termination of calls for the S3IA Programme at the end of last year also represented the beginning of a new phase and acted as a catalyst for the seminar. DTI took the opportunity to look back by inviting papers demonstrating experience gained from earlier sponsorship, to review present projects underway and to look forward by examining future support and exploitation issues. Given this breadth of coverage it was perhaps unsurprising that the audience came from a wide mix of industrial sectors, as well as academia.
First Session
The First Session, was chaired by Professor Peter Payne of UMIST and launched the seminar with papers intended to draw out the experience gained by the sensor community in its utilisation of Government support.
Start-up Company
The paper from Compton Consultants on the formation and development of a sensor company, described how existing sensor technologies are notoriously difficult to displace once they have become established and that new technologies must be applied if displacement is to succeed. Coupled with the fact that the technologies involved are invariably parasitic, commercialisation time scales tend to be quite long and from the perspective ofan investor can represent similar risk to the pharmaceutical and biotechnology industry but with narrower market niches. Thus risk can be illgh and since many of the demands for new sensors are stimulated by society's need for improved energy efficiency and reduced pollution, it was argued that it is not unreasonable to expect public funds to be employed during the early R&D phase, given suitable safeguards.
SWIG
The Sensors for Water Interest Group launched with funding form DTI, has been in existence for 10 years. It now takes the form of a network for the exchange of ideas, conferences and the coverage of special areas of interest in the use of sensors.
GASG
DTI's Advanced Sensor Technology
Transfer Programme spawned the Gas Analysis and Sensing Group in 1993 and it became self-supporting after just 3 years. The group is noted for its twice-yearly colloquia that attract international speakers. Although its constitution does not specifically include aid to start-ups, several small firms have been formed by members, underlining the value of involvement in the Group. For the future, the topic of clean air in the health of the nation has been identified as one of immediate interest. This is an area that in which the Group feels it and Government could play a key role, in developing industry focus for the task of bringing the typical British home up to leading world standards.
Industrial Research Laboratory to Start-up Company
The progress of Infrared integrated Systems Ltd (IRISYS) was charted by the speaker, describing how initial development of a low cost multi-element infrared detection system for just 2 market areas has gone on to form the foundation for a successful range ofsensors for security, healthcare, transportation and building management applications. A key to tills success was to recognise the necessity to match sensor performance and cost to application need, overcoming the problems arising from prohibitively expensive conventional thermal imagers.
Second Session
A number of current S3IA projects are either well advanced or have been completed and are moving out into the marketplace.
On-line food inspection
Everyone is familiar with the story of someone biting into a pie to discover, to their horror, a foreign body -sometimes literally. Whether fact or myth, the food industry required a sensor system to detect entrained objects in processed products. Existing systems use x-ray technology but are unable to detect foreign objects whose x-ray absorption characteristics are close to those of the food product, such as lowdensity plastics, wood and fish bones. A project team drawn from Spectral Fusion Technologies, Oxford University and Northern Foods described how they have developed a new x-ray sensor, which can overcome these problems. The multi-spectral sensor produces a composite image formed by the fusion of two xray images, and provides more intelligible information on the object being scanned. The sensor has already been tested in commercial trials in meat and fish processing plants and has been found to provide greater sensitivity in detecting foreign inclusions and to reduce the number of false rejections. The technology has potential use in other industry sectors and the team is undertaking optimisation experiments for a variety of applications.
Thin film and coating thickness measurement
Many industrial processes involve the use of thin films and coatings. The ability to measure the thickness of such coatings during the production process, rather than after the event, would enable pro-
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ducers to reduce waste, lower production costs and improve product quality. When it is realised that in the hot foil stamping industry 40 kilometre long reels of material are the norm, the scrap costs can be enormous; in this process thickness variation can also cause image distortion leading to unacceptable product quality. Until recently, however, it has not been possible to achieve on-line measurement of these extremely thin coatings (typically less than I micron).
Scalar Technologies, a recently formed SME, presented its measuring system, which involves techniques for fluorophore detection by laser and associated software and can measure coating and film thickness of I nanometre. A fluorophore is incorporated into the material to be measured and the resultant fluorescence, arising from low power laser excitation, is measured by the sensor. The intensity of the fluorescence is directly proportional to film or coating thickness. Discovery of a fluorophore that could be incorporated into the object material without affecting other required properties, would be safe for foodstuff packaging and be economically viable, was achieved by Edinburgh University. Heriot-Watt University undertook research and prototyping of the laser system. The end-user was API Foils who set up machine trials and provided project management. Scalar, whose contribution has been recognised by receipt of a SMART award, developed the software and will build the system.
The sensor system has already been tested and demonstrated successfully in production in the hot foils industry. The technology has application potential in a number of other areas including plastic film extrusion, plastic coating, silicon release coating, photographic emulsion, paper coating, multi-layer films and glass coatings.
Explosives and drug detection
The challenge facing airports, police and customs authorities searching for explosives or drugs is that a vast amount of baggage needs to be checked in a very short time scale. There is a need for a system that can positively identifY illicit substances in the vapour phase. New breakthroughs in surface enhanced resonance Raman scattering (SERRS) offer a means to develop advanced sensors that can meet this challenge -and in doing so make a generation of sniffer dogs redundant! The project brings together Strathclyde University, a world leader in SERRS technology, Renishaw plc, the company noted for its pioneering work in Raman instrumentation, Davin Optronics, which provided substrates and specialised optics for the instrumentation and two end user organisations.
The Police Scientific Development Branch is interested in applications of the sensor which can help combat terrorism through the detection of TNT and to detect illegal drugs, as well as offering the possibility of development into a roadside drug analyser. Avecia are keen to explore applications in process analysis and effluent monitoring.
The combination of SERRS, with its huge sensitivity and selectivity to eliminate or reduce separation procedures, with a truly portable and high performance Raman spectrometer promises to deliver the first SERRS detectors for practical use. An instrument for application to TNT detection is being prepared for site trials.
Condition-based maintenance
Monitoring the condition of machinery with moving parts is not a straightforward exercise and requires access to bearings and bearing surfaces which are a major source of failure. The onset of rolling contact fatigue can be indicated by a significant rise in bearing temperature but many users of machinery lack the resources or expertise to develop systems that could detect these signs. Infrared Integrated Systems (IRISYS), in partnership with the Post Office and Loughborough University have developed a low cost solution utilising handheld infrared sensors. These are currently under test and being portable may be applied to monitor the condition of machines and components around a site.
The value to an organisation like the Post Office, which collects and delivers 72 million items ofmail and parcels a day, is immense. The cost of maintaining an integrated mail processing machinewhich sorts mail into appropriate sizes, arranges correct orientation, checks for correct stamping and classification, identifies postcodes, applies a bar code and finally automatically sorts -is immense. The machines rely heavily on transport belts and have several hundred bearings, so that the cost of conventional sensing would be prohibitive. Switching to a condition-based strategy means that machine downtime can be dramatically reduced.
The project is well underway and opportunities for application in other industries are becoming apparent.
Third Session
To complement these success stories, the final session focused on some of the initiatives that can support innovation in sensor technologies.
. Sira defined the role of technology support organisations and identified some of the unique attributes that make them a unique bridge between the provision of a research base and delivering technology. The benefits of becoming involved in the INTErSECT Faraday Partnership were presented and drew a high level of interest.
Isis Innovation considered the challenge of setting up spin-off companies from university research. The need for commercially aware scientists and a clearly identified market were emphasised as the bare minimum and much insight was conveyed into the characteristics of private investors and venture capitalists, with accompanying tips on reducing the chances of failure.
The SMART scheme -Small Firm Merit Award for Research and Technology -from the new DTI Small Business Service to help SME's identify and develop innovative new products or processes, was explained by the speaker, with examples clearly of great significance to small company representatives in the audience.
The aims of the Teaching Company Scheme, now re-branded as TCS , were described for the benefit of those delegates not already familiar with this highly successful Government initiative. This is a government scheme for all types and size of company and through the transfer of personnel, allows them to take advantage of the wide range of expertise available in universities and public and private sector research institutes.
The [mal speaker, from Thames Valley Technology touched on some of the issues confronting companies working with universities. He argued that whilst companies of all sizes can benefit from such partnerships, as can the technology providers, specific capabilities and aims need to be identified and he cautioned against generalisations.
Conclusion
DTI's David Rose, who has directed a wide range of successful LINK and Government support programmes for the UK's sensor industry over a number of years, closed by summarising highlights from the day's presentations and pointed to the opportunities available for collaboration in sensor technology innovation.
The fact that the intensity, scope and length of the day's proceeding s did not deter the 200 strong audience from staying to the end provides sound evidence that the Seminar succeeded in its aims.
